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The infrared absorption spectra of twenty-eight 1-methoxyethylidene and isopropyli- 
dene acetals of sugars have been recorded and analyzed. The formulas of the compounds 
were grouped according to structure, and the absorption bands for each group were con- 
sidered in relation to the bands found for the other structurally related compounds. No 
bands were found for the unequivocal detection of the 1,3-dioxolane ring attached respec- 
tively to an aldopentofuranose or a ketopentofuranose, an aldopentopyranose, an a>ldohexo- 
furanose, an aldohexopyranose or a ketohexopyranose, a uronic acid salt or lactone, a sugar 
alcohol, or a sugar keto-acid salt. Regardless of the fine structure of the dioxolane com- 
pounds, certain strong bands were observed, but the bands are not easily recognized from 
an inspection of one or two spectra and are not characteristic of these compounds only. 



1 . Scope and Purpose of the Project 

For the purpose of discovering correlations that 
might be of value in structural analysis, this project 
was primarily undertaken with the object of provid- 
ing infrared spectrograms of sugar derivatives con- 
taining the 1,3-dioxolane ring (I). 



A 



X 



It seemed probable that the vibrations of the di- 
oxolane ring of such compounds would be relatively 
insensitive to changes in the rest of the molecule; 
and that it should, accordingly, be possible to identify 
certain bands in their spectra as being characteristic 
of this ring. Their spectra have, therefore, been re- 
corded; and the bands have been compiled and 
studied by statistical and comparative methods. 

2. Compounds Investigated 

In the application of infrared absorption spectra 
to the determination of structure, it is necessary to 
have reference spectra for substances of known con- 

1 Presented, in part, before the Division of Carbohydrate Chemistry at the 
134th Meeting of the American Chemical Society, at Chicago, 111., on Septem- 
ber 9, 1958. Part of this work was supported by the Chemistry Branch of the 
Office of Naval Research. 

2 Present address: Beckman Instruments, Inc., Fullerton, Calif. 



figuration and conformation. The pyranose ring in 
simple carbohydrate derivatives is flexible; hence, 
for some pyranose derivatives, there is much uncer- 
tainty concerning the conformation adopted by the 
ring. In contrast, the conformation of molecules 
containing fused or bridged rings 3 is more rigid; and 
consequently, less uncertainty exists as to the rela- 
tive steric positions of the atoms and groups within 
their molecules. For this reason, attention has now 
been directed to the study of a group of cyclic acetals 
(of cyclic sugars) having bicyclic and tricyclic 
structures. 

Table 1 gives a list of the compounds, their code 
numbers [1] 4,s and properties, and an index to the 
spectrograms (the serial number of a compound is 
the same as the number of its spectrogram). The 
spectra were measured in the 2- to 15-ju region (5,000 
to 667 cm" 1 ; sodium chloride optics) and in the 15- 
to 40-/x region (667 to 250 cm*" 1 ; cesium bromide 
optics). Inasmuch as a detailed study of all the 
bands is not possible at present, the spectrograms 
are given together with a discussion of (a) the struc- 
ture of the compounds and (b) some of the outstanding 
features of their spectra. 



3 Fused rings have two adjacent atoms in common, whereas bridged rings have 
nonadjacent atoms in common. 

4 Figures in brackets indicate the literature references at the end of this paper. 
The references for table 1 are given at the end of the table. 

3 Code numbers are assigned according to a previously published classification 
system [1], for use with punched-card techniques. 
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Table 1. Compounds measured and index to spectrograms 



Code 



Compound 



Constants reported 



mp, ° C 



Specific 

rotation 

[«3d 



Rotation 
solvent 



Reference 



Constants found 



mp, 



Specific 

rotation 

[«]d 



Rotation 
solvent 



PYRANOSE DERIVATIVES 



A. l,2-0-(l-METHOXYETIIYLIDENE) ACETALS 



12.22563(3,4,6)21 

12.22563(3,4)21(6)80... 

10.22563(6)80 

12.24563(3,4,6)21 

22.215(2,3,4,6)21*(l-4) 
22263(3,6)21. 

22.235(2,3,4,6)21*(l-4) 
27263(3,6)21. 



D-Mannopyranose l,2-(methyl or- 
thoacetate) triacetate. 81 

6 - Deoxy - l - mannopyranose 1,2- 
(methyl orthoacetate) diace- 
tate. a 

6 - Deoxy - l - mannopyranose 1,2 - 
(methyl orthoacetate). 54 

D-Talopyranose 1,2- (methyl ortho- 
acetate) triacetate. a 

0- d- Glucopyranosyl- (1-M)- d- a 
mannopyranose 1,2- (methyl or- 
thoacetate) hexaacetate. 

p- d- Galactopyranosyl- (l-»4)- d - a 
altropyranose 1,2- (methyl ortho- 
acetate) hexaacetate. 



105 


-26.6 


83 to 84 


-1-35 


143 to 144 


-hl6.3 


91. 5 to 92. 5 


+3.7 


165 to 167 


-13.2 


121 to 122 


4-25. 3 



CHC13 
CIICls 

H 2 
CHC13 
CHC13 



105 to 105. 5 


-26.8 


86 to 86. 5 


+33.9 


143 to 144 


+16.0 


b 77 to 83 


(•) 


171 to 172 


-13.0 


121 to 122 


+25.0 



CHCls 
CHC13 

H 2 



CHCla 
CHC13 



B. ISOPROPYLIDENE ACETALS 



10.235(1,2)61 

19.135(1,2:3,4)61 ... 

19.235(1,2:3,4)61(6)21... 

19.735(2,3:4,5)61 

19.735(1,2:4,5)61 

10.116(1,2)61 

10.216(1,2)61 

10.256(1,2)61 

10.216(1,2)6175 

10.216(1,2)617599 

10.256(1,2)617599 

19.116(1,2:3,5)61 

19.216(1,2:5,6)61 

10.216(1,2)61(6,3)72 

10.256(1,2)61(6,3)72 

10.126(2,3)?61_-_ _ 

19.2260(2,3:5,6)61 

19.229(2,3:5,6)61(1,4)72. 

10.626(2,3)61 

19.716(2,3:4,6)61 

19.71675(2,3:4,6)61 



1,2- O- Isopropylidene- d- galacto- 

pyranose. d - e 
1,2:3,4- Di -O- isopropylidene- l- 

arabinopyranose. a 
1,2:3,4- Di- O- isopropylidene- d- 

galactopyranose 6-monoacetate . d 
2,3:4,5- Di- O- isopropylidene- d- 

ffuctopyranose. a 
1,2:4,5- Di- O- isopropylidene- D- 

fructopyranose. f 



157 


-10.9 


41. 5 to 43 


+5.4 


108 


-48.1 


97 


-33.7 


118 to 119 


-146.6 



EtOH 

H 2 

CHC1 3 

? 

CHCI3 



8 
10 



156 to 157 


-11.3 


42 


+5.1 


110 to 112 


-49.1 


97 


-33.6 


117 to 119 


-146.2 



KtOlI 
II 2 

CHCI3 
H 2 

CHCI3 



FURANOSE DERIVATIVES 
ISOPROPYLIDENE ACETALS 



1,2- O- Isopropylidene- D- xylofura- 

nose. d 
1,2- O- Isopropylidene- d- glucofur- 

anose. d 
1,2- O- Isopropylidene- L- idofura- 

nose. a 
Lithium 1,2-O-isopropylidene-D- 

glucofuranuronate. d 
Barium 1,2-O-isopropylidene-n- 

glucofuranuronate d monohy- 

drate. 
Calcium 1,2-O-isopropylidene-L- 

idofuranuronate a dihydrate. 
1,2:3,5- Di- O- isopropylidene- d- 

xylofuranose. d -g 
1,2:5,6- Di- O- isopropylidene- d- 

glucofuranose. d 
1,2- O- Isopropylidene- d- d gluco- 

furanurono-6,3-lactone. 

1.2- O- Isopropylidene- l- a idofur- 
anurono-6,3-lactone. 

2,3(or3,5)- O- Isopropylidene- D- 

lyxo(furano?)se. f - h 
2,3:5,6- Di- O- isopropylidene- d- 

mannofuranose. f 
2,3:5,6- Di- O- isopropylidene- D- 

mannono-l,4-lactone. 

2.3- O- Isopropylidene- D- threo- 
pentulofuranose. a 

2,3:4,6- Di- O- isopropylidene- L- 

.r?/Zo-hexulofuranose. d >» 
Potassium 2,3 : 4,6-di-O-isopropyl- 

idene - L - xylo - hexulofuran - 

onate. d >J 



41 to 43 

161 to 162. 5 

113 to 114 

dec. 



44 to 45 

110 to 111 

119 to 120 

137 to 138 

79 to 80 

122 

126 

70 to 71 

77 to 78 

>290 



-17.3 
-11.8 

-28.7 
-3.8 



-11.8 

+19.5 
-18.5 
+70. 
+91. 
+26.0 
+26.8 
+51. 
+1.7 
-18.1 
-13.8 



0.2% H CI 
H 2 
H 2 
H 2 



H 2 
Me 2 CO 

H 2 

H 2 
Me 2 CO 
Me 2 CO 
Me 2 CO 
CHCI3 
Me 2 CO 
Me 2 CO 

H 2 



11,12 

13 
14,15 

16 

17 

18 
19,20 
8,13 

21 

14 

20 

22 

23 

20 

24 

24 



43 to 45 


-17.5 


159 to 161 


-11.8 


113 to 115 


-29.0 


dec. 


-3.8 


dec. 


-2.9 


dec. 


-11.8 


44 to 45 


+19.8 


111 to 113 


-19.7 


118 to 119 


+68.7 


b 134 to 136 


(<0 


79 to 80 


+26.1 


125 to 126. 5 


+25.0 


124 


+50. 2 


69 to 70 


(<0 


78. 5 to 80 


-17.0 


>300, dec. 


-14.0 



H 2 
H 2 
II20 
H 2 
H 2 

H 2 

Me 2 CO 
H 2 
II2O 



Me 2 CO 
Me 2 CO 

CHCI3 



Me 2 CO 
H 2 



ACYCLIC DERIVATIVE 
ISOPROPYLIDENE ACETAL 



19.227(1,2:5,6)61... 



1,2:5,6- Di- O- isopropylidene- d- 
mannitol. 



+1.2 



H 2 



25 



-1.0 



H2O 



a Commonly designated as fi, although no a anomer is possible. b Insufficient material available for recrystallization. c Insufficient material available 

for.this determination. d Commonly designated as a, although no /3 anomer is possible. e Sample from the P. A. Levene Memorial Collection at the Rockefeller 
Institute for Medical Research, through the courtesy of Dr. Lyman C. Craig. f This compound should be capable of existence in anomeric forms. « Nu- 

cleating crystals used were from a sample (see footnote e) prepared by one of us (R.S.T.) in 1935. h Structure uncertain. > Trivial name: 2,3:4,6-di-0-iso- 

propylidene-a-L-sorbofuranose. i Trivial name: potassium 2,3:4,6-di-0-isopropylidene-2-keto-a-L-gulonate. 
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As a common structural feature, these compounds 
have the substituted 1,3-dioxolane ring: 



-C— O R 
\ / 

C 
/ \ 
-C— O CH 3 



where R=OCH 3 in the l-methoxyethylidene acetals 
(methyl orthoacetates), and R = CH 3 in the isopro- 
pylidene acetals. All of the compounds have at 
least one dioxolane ring; and , except for 1 ,2:5,6-di-0- 
isopropylidene-D-mannitol (compound 28), this ring 
is fused to either a five- or a six-membered ring. 

The precise shape of the dioxolane ring is not 
known. The bond lengths and bond angles of the 
atoms comprising the ring are, however, compatible 
with a planar conformation. The abundance of 
compounds of this kind having structures explicable 
by a planar or nearly planar dioxolane ring would 
tend to support the hypothesis that the ring ordina ri I v 
has a planar conformation. 

3. Structures of the Compounds 

3.1. Methyl Orthoacetates 

The l-methoxyethylidene acetals or l,2-(methyl 
orthoacetate(s)), compounds 1 to 6, were prepared 
in the course of investigations on the mechanisms 
of replacement reactions conducted over the course 
of many years [2, 3, 4]. They are acetals containing 
the 

-O OCH 3 



-0 



CH, 



group fused to Cl and C2 of a pyranose ring. In 
both chair conformations, 6 the cis pair of hydroxyl 

6 A discussion of the chair conformations of pyranoid rings is given in a previous 
article [1]. 



groups at Cl and C2 of the parent sugars is equa- 
torial-axial. Spanning them with a planar dioxolane 
ring would introduce strain. Hence the pyranose 
ring or the dioxolane ring, or both, would be some- 
what distorted. The following depicts tin 1 skeletal 
struct nre of a possible sofa conformation: 




For compounds 1, 4, 5, and 6, R = OAc; for com- 
pounds 2 and 3, R = H, and the structure is the 
mirror image of that depicted. 

Although the pyranose ring normally assumes a 
chair conformation, spanning of Cl and C2 of a 
boat form of the pyranose ring with a planar dioxolane 
ring tends to place Cl, C2, C3, and the oxygen 
atom (of the pyranose ring) in a plane at an angle 
of 120° to the dioxolane ring. Two conformations 
of this type seem possible, depending on the positions 
of C4 and C5 of the boat. In one conformation, 
hereafter designated endo, they are directed toward 
the dioxolane ring, with C6 in an axial position; 
in the other conformation, designated exo, these 
carbon atoms (C4 and C5) are directed outward 
from the dioxolane ring, with C6 in an equatorial 
position. 7 The two skeletal structures are depicted 
in the following formulas : 




. / j/ l-/OCH 3 



N CH 3 



OCH, 



e x o 
I 



In forming the 1,2- (methyl orthoacetate) from 
the poly-O-acetylglycosyl halide by the opposite-face 
mechanism [6], the endo structure would arise by 
turning the nascent dioxolane ring (in the transition 

7 An endo substituent lies in the V of a bicyclic structure, whereas an exo 
substituent lies outside it [5]. 
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state) inward toward C6; and the exo structure 
(II) would arise by turning it outward. The exo 
form would seem to be the more probable for the 
methyl orthoacetates, because the overall structure 
is more nearly planar and there is less crowding of 
the atoms. 

All of the orthoacetates studied have essentially 
the same ring structures. A summary of the posi- 
tions of the reference groups in the ^xo-boat form 
(II) of each of these methyl orthoacetates is 
given in table 2. The ester carbon atom (marked 
with an asterisk) of the orthoacetates is asymmetric; 
there is no experimental basis for assigning configura- 
tion to it, but since the methoxyl group is larger 
than the methyl group, it would tend to be directed 
away from the V of the bicyclic structure. 

Decision between the possible conformations indi- 
cated must await the outcome of further experimental 
work. 

Isopropylidene derivatives analogous to compounds 1 to 
6 (having a methyl group in place of the methoxyl group) 
seem feasible, but are not known at present. The 1,2-0- 
isopropylidene-D-galactopyranose considered in the next sec- 
tion is closely related; however, it differs in having the 
opposite configuration at Cl and C2. The l,2:3,4-di-0- 
isopropylidene derivatives discussed in the next section are 
also related to the orthoacetates studied, but they may have 
a more rigid structure because of the stabilizing effect of the 
second dioxolane ring. 

3.2. O-Isopropylidene — Pyranose Acetals 

Compound 7 of table 1 has one dioxolane ring 
fused to a pyranose ring. The latter could have a 
boat (probably exo) conformation; however, it might 
have a distorted sofa conformation in which, at 
C2, C3, and C4, both exocjclic bonds are approxi- 
mately quasi instead of being axial — equatorial. 
The sofa conformation (III) that is equatorially 
o-substituted is depicted. 




/CH 3 



V^CH, 



HO 
HO H- 
H-<4 



HOHeC 

—h° 



A 

H,C CH 3 

m 



7. 1,2-0-Isopropylidene-D-galactopyranose 

Compounds 8 to 10 are isopropylidene acetals 
which, unlike the orthoacetates, have two dioxolane 
rings fused, on opposite sides, to a pyranose ring. 
The presence of two nearly planar dioxolane rings in 
this position is not compatible with the 6xo-boat 
conformation of the pyranose ring most probably 
present in the orthoacetates (compounds 1 to 6). 
The two pairs of cis hydroxy! groups (at Cl and 
C2, and at C3 and C4, for compounds 8 and 9) of the 
parent sugars are each axial — equatorial in both 
chair-conformations; 6 and spanning them with a 
planar dioxolane ring would introduce strains (see 
IVa). A sofa conformation, in which the pyranose 
ring or the dioxolane rings (or both) may be some- 
what distorted, seems possible. One structure with 
very little strain is shown in formula IVb. 



H 3 C 



CH 3 




H 3 C- 



q h- 



R 



V 

H 3 C CH, 

IVb 



Compounds 8, 9, and 10 presumably have one or 
the other of the above general structures, with the 
following substituents. 

8. 1,2 :3,4-Di-0-isopropylidene-L-arabinopyranose, 

9. 1,2 : 3,4 -Di-0 -isopropylidene -D-galactopyranose 
monoacetate, R=CH 2 OAc; R'=H. 

10. 2,3 : 4,5 - Di - -isopropylidene - d - fructopyranose 
[1 -C-(hydroxymethyl) - 1 ,2 : 3 ,4 - di - -isopropyl- 
idene-D-arabinopyranose], R=H; R' = CH 2 OH; 
and the molecule is the mirror image of that 
depicted. 

l,2:4,5-Di-0-isopropylidene-D-fructopyranose(com- 
pound 11) differs from the four other derivatives in 
this group in having a spirane structure at C2, instead 
of a fused-ring structure. The boat conformation 



Table 2. Reference groups a on the carbon atoms of the pyranoid ring of the exo-boat conformation (II) of some l,2-{methyl 

orthoacetates) 



Compound 


Cl 


C2 


C3 


C4 


C5 


Group 


Position b 


Group 


Position 


Group 


Position b 


Group 


Position 


Group 


Position 


l._ 


( c ) 
( c ) 
( c ) 


e 
e 
e 
e 
e 
e 


( c ) 
( c ) 
<«) 
( c ) 
( c ) 
( c ) 


e 
e 
e 
e 
e 
e 


OAc 
OAc 
OH 
OAc 
OAc 
OAc 


a 
a 
a 
a 
a 
e 


OAc 

OAc 
OH 
OAc 

0(AcG)d 
0(AcGal)e 


a 
a 
a 
e 
a 
a 


CH 2 OAc 

CH 3 

CH 3 
CH 2 OAc 
CH 2 OAc 
CH2OAC 


e 
e 
e 
e 
e 
e 


2 


3 


4 . 


5. _ 


6 





» A reference group is any group, other than hydrogen, attached to a carbon atom of the skeletal structure. 

b The symbols a and e are used to designate axial and equatorial positions, respectively, of the reference groups. 

c The oxygen atoms of Cl and C2 share a 1-methoxyethylidene grouping. 

d (AcG) represents a tetra-O-acetyl-0-D-glucopyranosyl group. 

* (AcGal) represents a tetra-0-acetyl-/3-D-galactopyranosyl group. 
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shown seems plausible; it somewhat resembles the 
exo form of the methyl orthoacetates (compounds 1 
to 6), but differs in the position of the fused ring 




11. l,2:4,5-Di-0-isopropylidene-D-fructopyranose 

and in having the spirane structure. It ma}^ be 
noted that, whereas the pyranose compounds 1 to 
10 cannot exist in anomeric forms, a and (3 anomers 
of compound 11 should be capable of existence. 

3.3. O-Isopropylidene-Furanose and O-Isopropyl- 
idene-7-lactone Derivatives 



Compounds 12 to 27 have either one or two dioxo- 
lane rings fused onto a furanose or a 7-lactone struc- 
ture, or both. Because these compounds have 
o-membered rings only, the molecules are more rigid 
than those having fused dioxolane-pyranose struc- 
tures. Each ring is substantially planar, and hence 
only one conformation seems probable. In com- 
pounds 12 through 21, carbon atoms 1 and 2 are 
shared by the rings, and in 22, 8 23, and 24, carbon 
atoms 2 and 3 are shared. In each case, the fused 
rings are inclined at an angle of 120° to each other. 

Compounds 12 to 19 have the following general 
structure: 




12. 1 ,2-O-Isopropvlidene-D-xylof uranose, 

R=HOCH:— ; R' and R"=H. 

13. 1 ,2-0-Isopropvlidene-D-glucofuranose, 

H 
R=HOCH 2 C— ; R' and R" = H. 
OH 

14. 1 , 2 -O-Isopropylidene-L-idof uranose, 

OH 
R = HOCH 2 C— ; R' and R" = H. 
H 

15. Lithium 1,2-0-isopropylidene-D-glucuronate, 

H 
R = LiO,C.C— ; R' and R" = H. 
OHj 

s Proof of the structure of this compound will be given in a forthcoming publi- 
cation. 



16. Barium 1,2-0-isopropylidene-D-glucuroiiate, 

H 
R=Ba,/oO,C-C— ; R' and R"=H. 
OH 

17. Calcium 1 ,2-0-isopropylidene-L-iduronate, 

OH 
R = Ca 1/2 2 CC— ; R' and R"=H. 
H 

18. ] ,2:3,5-Di-0-isopropylidene-D-xylofuranose, 

RR"=H 2 GO— C(CH 3 ) 2 ; R'=H. 

.11. 

19. 1,2: 5, 6-Di-O-isopropylidene-D-glucof uranose, 

R = H 2 C - - C— ; R' and R"=H. 
O O 



H 3 C 



CH 3 



The isopropylidene derivatives of D-glucuronolac- 
tone and L-iduronolactone (compounds 20 and 21) 
have three fused, 5-membered rings; the furanose 
ring occupies a middle position, sharing Cl and C2 
with the dioxolane ring and C3 and C4 with the lac- 
tone ring. The dioxolane ring lies on one side of 
the plane of the middle ring at an angle of 120°; 
the lactone ring lies on the other side at an angle 
of 120°, but is not parallel to the dioxolane ring. 
Compounds 20 and 21 have the following general 
structure. 




20. l,2-0-Isopropvlidene-i)-glucofuranurono-6,3-lac- 
tone, R=H; R' = OH. 

21. 1 ,2-O-Isopropvlidene-L-idof uranurono-6,3-lac- 
tone, R=OH; R r -H. 

Compounds 22, 8 23, and 24 have a dioxolane ring 
fused at C2 and C3 of the furanose ring and of the 
7-lactone ring, respectively. It may be noted that, 
for compounds 22 8 and 23, a and anomers should 
be capable of existence. Compounds 22, 8 23, and 24 
have the following general structure. 




22. 2,3-O-Isopropvliclene-D-lvxofuranose, 8 

R = HOCH 2 — ; R' = H and R" = OH 
(or vice versa). 
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23. 2, 3:5, 6-Di-O-isopropvlidene-D-mannofuranose, 

E=H 3 C OCH 2 

V 

H 3 C OCH; 

R r =H and R"=OH (or vice versa). 

24. 2,3:5,6-Di-0-isopropylidene-D-mannono-l,4- 

lactone, R=H 3 C OCH 2 ; R' 



H 3 C 



The ketose derivatives 25, 26, and 27 have a 
dioxolane ring fused at C2 and C3; but if the 
compounds are regarded as substituted aldoses, these 
carbon atoms may be classified as Cl and C2 of the 
furanose ring. Referring back to the skeletal 
structure V, these compounds have that structure; 
but, in each case, the molecule is the mirror image 
of that depicted. The following are the respective 
substituents: 

25, 2,3-0 -Isopropylidene - d - threo - pentulof uranose 
[ 1 - C- (hy droxyme thyl) - 1 , 2-0-isopropylidene-D- 
threo-tetrof uranose], 

R and R"=H; R' = CH 2 OH. 

£6. 2 , 3 : 4 , 6 - Di - - isopropylidene - l - sorbof uranose 
[l-C-Qiydroxymethyl^-l^iSjS-di-O-isopropyli- 
dene-L-xvlofuranose] , 

i i 

RR"=H 2 COCMe 2 ; R'=CH 2 OH. 

21. Potassium 2,3:4,6-di-0-isopropylidene-L-^/o- 
hexulofuranonate, 

I I 

RR // = H 2 COCMe 2 ;R , -COOK. 

3.4. Substances with a Fused Dioxolane Ring and a 
Fused m-Dioxane Ring 

Compounds 18, 26, and 27 have the following 
general structure. 





^ 



In 26, R = CH 2 OH; in 21, R=COOK; and in 18, 

R = H, and the molecule is the mirror image of that 
depicted. A ra-dioxane ring (VI) is present in many 
sugar acetals; hence, determination of absorption 
which is characteristic of the structure is highly 
desirable. 



3.5. Substances with "Dangling" Dioxolane Rings 

The isopropylidene group attached to the oxygen 
atoms at C5 and C6 of compounds 19, 23, and 24 
forms a dioxolane ring that is free to swing about C4. 
Presumably, the position assumed by the group 
depends on the rest of the molecule, and the infrared 
spectra might be expected to provide information 
on this subject. Rings of this character, hereafter 
called "dangling," should have properties quite 
different from those of the fused rings which are 
more rigid. 

1,2 :5,6-Di-0-isopropylidene-D-mannitol, compound 
28, has a dangling dioxolane ring attached by a 
carbon-carbon bond to each of the carbon atoms of 




H 3 C-C 



28. 1 ,2 : 5,6-Di-O-isopropylidene-D-mannitol 



ethylene glycol. Presumably, the spectrum of this 
substance is typical of spectra of compounds having 
dangling dioxolane rings, and it should be useful for 
assisting in the interpretation of the spectra of other 
compounds containing dangling dioxolane rings. 
Although, for convenience, the ring can be con- 
sidered as capable of rotation (dangling), hydrogen 
bonding and steric factors may restrict the structure 
to a form in which each dioxolane ring lies in a 
definite steric position. 



4. Discussion of the Spectra 

Comparison of the spectra of the compounds 
listed in table 1, on the basis of the structural 
features outlined in the preceding section, reveals 
that the absorption bands are not highly character- 
istic of the type of ring present, and that there are 
no readily distinguishable bands suitable for the 
assignment of ring structure or for the study of ring 
conformation of these compounds. On making a 
qualitative comparison of any one spectrum with 
another, it is seen, for example, that in a general 
way, the spectra of the mono-isopropylidene acetals 
resemble one another more closely than they do those 
of the di-isopropylidene acetals, and vice versa, 
regardless of the particular sugar component or the 
size (or shape) of the sugar ring. 

Although distinctive absorption bands are not 
apparent for pyranose or furanose, 74actone, 1,3- 
dioxolane, and m-dioxane rings, surprisingly large 
differences are found in the spectra of substances that 
differ in what might seem to be minor details. These 
differences can be studied by direct comparison of 
the spectra for the closely related substances. 
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On account of the multiplicity of bands and the 
lack of highly distinctive ones, detection of absorp- 
tion characteristic for common structural features 
requires a statistical examination of the data. For 
this t reatment, the compounds were classified accord- 
ing to their structural features, and the locations of 
the absorption bands were compiled. 

The met hod used for making comparisons is imi 
conventional, but it seems suitable for the study of 
groups of related compounds. The distribution of 
the absorption bands for each group of related com- 
pounds was determined for the 2- to 15 m- (5,000 to 
667 cm -1 ) range. First, the number of compounds 
showing one or more bands (or shoulders) in each 
wavelength increment of 0.1 ^ was counted, and the 
percentage of such compounds was calculated. This 
percentage was then plotted against the wavelength, 
to give the black regions of the plots in figure 1. 
Only one region (3.3 to 3.4 /x) immediately revealed 
absorption by all of the compounds. Next, those 
groups of adjacent regions which seemed likely to 
encompass l(i() percent of the compounds were noted 
and further examined; the results are given in the 
crosshatched regions of the plots in figure 1. 

Because frequency is directly proportional to 
energy, use ot wavenumhers in correlations of tin 4 
kind sought is preferable to use of wavelength. On 
the other hand, the recordings (of infrared spectra) 
produced by the instruments we used are linear in 
wavelength, and readings from these charts must 
initially be made in terms of wavelength. Plots of 
the kind shown in figure 1 (which use 0.1-// incre- 
ments in wavelength) are compact, convenient, and 
reasonably satisfactory for use in analyzing a limited 
range. 

However, for such plots (linear in wavelength), 
the bands appear crowded at low wavelengths (high 
frequencies) and become progressively less crowded 
as the wavelength increases (that is, as the frequency 
decreases) . The 0. \-jjl increments from 2.40 to 2.50 ^, 
9.90 to 10.00 fi, and 39.90 to 40.00 M correspond to 
decrements of 167, 10, and 0.6 cm -1 , respectively. 

From the practical standpoint, in making inter- 
comparisons, too much spreading out of bands is just 
as inconvenient as too much crowding of banes in 
such plots. Consequently, for the 10- to 40-^ range, 
all wavelengths were converted to wavenumbers; 
and, in the analysis, decrements of 10 cm" 1 in wave- 
number were employed. The resulting plots are 
not reproduced here. 

Ultimately, comparisons will be made by use of 
the classification system described, previously [1] 
using this statistical treatment. The present com- 
parisons are, however, based largely on the structural 
features characteristic of this relatively limited, group 
of compounds. The compounds were studied in the 
groups outlined in table 3. By making comparisons 
for groups of related compounds that differed in 
various ways, tin 4 manner in which the absorption 
of the various compounds differed, on the average 
was ascertained. Utilization of averages (instead 
of the individual absorptions) overcomes, at least in 
part, the "irregularities" found when the spectra of 



individual compounds are compared. A few com- 
parisons are given here; others will be deferred for 
inclusion in a study of a wide variety of carbohydrate 
derival ives. 



Table 3. Structural (/roups studied 8 



Group 


Struct und feature 


Compounds (numbers) In 
group 


1 

2 
3 
4 
5 
6 


0- Acetyl (C = 0) . 


1, 2, 4 to o. o 

15 to 17, 27 

1 to 28 

16,17 

3.7. lot.. 17. 19 to 23, 25, 26, 28 

20. 21. 21 


Carboxyl, ionized (COO - ) 

1,3-Dioxolane ring 


Hydrate 


Hydroxyl group.. _ 


Lactone (C = 0).._ - _ 




7 
8 

9 

in 
11 
12 
13 
14 

15 
16 

17 
18 

19 

20 
21 
22 

23 

21 
25 

26 

27 
28 
29 
30 
31 
32 
33 
31 


altro configuration. - 


6 

10. 11 

8; 6, 7. 
16 

17 

is, 20, 27 

12 to 23, 25 to 27 

25; 12, 18, 20, 27; A. 13, 1".. 10, 

19, 20 
5, 

22 '), 23 

7, 10. 12 to 14. 22(?), 2:., 26 
3, 7, 11 to 17, 19 to 21, 22(?), 

11. 17,21 

7 to 21, 25 to 28 
22(?), 23. 21 
19, 23, 21. 28 

15 

22; l to 3, 5, 'J:<. 24, 28 
1 to 6 

2. 3 

27 

1 to 11 

5, 6, 11 

1 to 0, 11 

7 to 10 

1 to 23, 25 to 27 
4 

8 to 10, 18, 20, 21, 26, 27 


arabino configuration (ketopyra- 

nose). 
arabino; galacto configuration (al- 
dopyranose). 


( Jalcium salt 


m-Dioxane ring 

FnninosiM'ing . 


threo; tylo; gluco conflgural Ion 
Glycoside (0-pyranoside) 


Hydroxy! group (glyCOSldic) 

Hydroxyl group (primary) __. 

Hydroxyl group (secondary) 

ido conflgural Ion 


1,2-O-Isopropylidene acetal 
2,3-O-Isopropylidene acetal 
5,6-O-Isopropylidene acetal ("dan- 
gle") 
Lit ilium salt 


lyxo; manno configuration 
.\lotlio\yi group or methyl ortho- 
acetate 

.">-<"- Met In 1 (0-Deoxy) group 

Potassium salt 

Pyranosering . 
True a-pyranose or 0-pyranose 
Pyranose (boat conformation?) 
Pyranose (chair conformat ton?) 
Sugar ring - 


talo configuration.. . 


Three fused rings 



» The bands found for the various compounds will be considered further in 
publications dealing with specific structural features. 



4.1. Absorption Bands Possibly Attributable to the 
Dioxolane Ring 

In 1949, Boekellieide and co-workers [7] reported 
infrared spectra for the 2-amyl-2-methyl and 2-hexyl 
derivatives of 1 ,3-dioxolane-4-methanol. In 1950. 
Ivuhn [81 recorded the spectra (in the range 8 to 15 /a) 
of 1,2-O-isopropylidene-D-glucofuranose and its 5,6- 
(?-isopropylidene acetal (along with those of 77 other 
carbohydrate derivatives), but made no attempt to 
analyze these particular spectra. In the following 
year, Smith and Anderson [9] made a study of the 
infrared spectra of several 1,3-dioxolane derivatives 
[10], and decided that it is "likely that the presence 
of a peak at 9.6 m indicates the presence of a dioxolane 
ling." However, it remained for Bergmann and 
Pinchas [11] to conduct a detailed study of the 
infrared spectra of 18 compounds having the 1,3-di- 
oxolane ring, and to make definite correlations; their 
data have also been interpreted bv Barker, Bourne, 
and Whiffen [12]. Tschamler and Leutner [13] later 
observed that compounds containing the 1,3-diox- 
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WAVELENGTH ,/z 

Figure 1. Percentage of the acetals which showed infrared absorption at the various regions of the infrared spectrum {2 to 15 n). 
A ,A11 of the 28 acetals; B, the six methyl orthoacetates; C, the eleven mono-O-isopropylidene acetals; Y, the eleven di-O-isopropylidene acetals. 
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Table 4. Absorption bands formerly assigned to the 1 ,3-dioxolane ring 



Assigned by 



Wavenumber (cm - ') of spectral range of absorption bands 



Smith and Anderson [1] 

Bergmann & Pinchas tables [2] 
Bergmann & Pinchas text [2]._ 

Barker and co-workers [3] 

Tscharaler and Leutner [4] 



IKK) to llfd 
L190 to 1158 
1173 to 1151 



1151 to 1123 
1143 to 1124 
1151 to 1132 



doublet between 
1160 and 1120 



1105 to 1077 
1098 to 1063 
1105 to 1077 



1042 
1053 to 1038 
1056 to L038 
1053 to 1038 



doublet between 
1110 and 1050 



References 
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3. S. A. Barker, E. J. Bourne, and D. II. Whiffen, Methods of biochemical analysis, vol. 3, p. 219 (Interscience Publishers, Inc., New York, X.V., 1956). 

4. H. Tschamler and R. Leutner, Monatsh. 83, 1502 (1952). 



olane ring generally show four recognizable absorp- 
tion bands. Table 4 gives a resume of the assign- 
ments of the prior workers. 

Our results are in fair agreement with the figures in 
the tables of Bergmann and Pinchas [11]: (a) 
Twelve of the compounds in the present study fail 
to show a band (B) in the 1151- to 1123-cm -1 
(8.80dz0.11 m) region. However, Bergmann and 
Pinchas found that the exact location of this band 
depends more upon the alcoholic than upon the 
carbonylic residue of the acetal; in possible agree- 
ment with this conclusion, a band (B') is observed at 
1126 to 1104 cm -1 (8.97 ± 0.09 m) for our compounds, 
(b) Two of our compounds show no band (C) in the 
1105- to 1077-cm" 1 (9.17±0.12 /*) region, (c) Eight 
of our compounds fail to show a band (D) in the 
1053- to 1038-cm" 1 (9.57 ±0.07 M ) region. 

However, all of our compounds show one or more 
bands or shoulders in the (A) 1181- to 1153-cm -1 
(8.57±0.10 m), (B') 1126- to 1104-cmr 1 (8.97 ± 
0.09 M ), and (C) 1093- to 1070-cm" 1 (9.25±0.10 m) 
regions. Except for the spectra of 1,2-0-isopro- 
pylidene- and 1 ,2:3,5-di-0-isopropylidcne-D-xylofur- 
anose (compounds 12 and 18), all the spectra show at 
least one strong band (D') at 1055 to 1029 cm -1 
(9.60 ±0.12 ijl); for the two exceptions, there is a 
strong band at 1015 cm -1 (9.85 p). This character- 
istic of the D-xylose derivatives is under further 
study; the spectra of the anomers and glycosides of 
D-xylose are known to be exceptional [12]. These 
four bands (A, B', C, and D') seem to be the most 
important, but they are not particularly striking 
inasmuch as the}" appear in a rather crowded part 
of the spectrum. 

Each substance has an individualistic spectrum 
useful for identification purposes, but extensive gen- 
eralization requires great caution. Since many un- 
substituted and substituted sugars (and other organic 
compounds) also show absorption in 2, 3, or even all 
4 of the above regions, allocation and interpretation 
of these bands will be reserved for a more compre- 
hensive study (on a much larger group of sugar 
derivatives) to be conducted in the same manner. 

Many comparisons of limited scope can be made. 
For example, the spectrum of l,2:4,5-di-0-isopropvl- 
idene-D-fructose (compound 11), a spiro — dioxolane 
derivative, differs radically from that of its isomer 



(compound 10) and displays 17 of the 19 bands 
recorded [14], in the range 2941 to 763 cm -1 , for 
cyclohexane-1 ,2-di(spiro-2'-l ',3 '-dioxolane). In ad- 
dition to these, it shows 26 other bands in the range 
3472 to 726 cm" 1 . 

4.2. Oiher Absorption Bands 

The 28 compounds can be divided into three 
groups: the methyl orthoacetates, the mono-iso- 
propylidene acetals, and the di-isopropylidene ac- 
etals. Bands shown by all the members of each of 
these groups are given in the crosshatched regions 
of figure 1 (B, C, and D) and in table 5. It is noted 
that, in certain regions, more than one interpretation 
of the data is possible. 

Bands shown by all of the compounds in table 1 
are shown in the crosshatched regions of figure 1 (A) 
and in table 5. Selection of one of the alternative 
ranges exhibited by a subgroup could often be made 
by intercomparing the ranges for all three subgroups. 
(Even so, more than one interpretation of ranges for 
band locations was found possible in certain regions 
of the spectrum.) 

In addition to those mentioned i:i the preceding 
section, the following are some of the bands 
shown by all of the compounds, with possible assign- 
ments given in parentheses: 3012 to 29:)7 cm -1 
3.32 to 3.37 m (C— H stretching); 1463 to 1439 cm 
i.e., 6.81 to 6.95 M (or 1466 to 1437 cm" 1 , i.e., 6.82 
to 6.96 /x), and 1333 to 1312 cm" 1 , i.e., 7. r >() to 7.62 M 
(C— H bending); 1391 to 1379 cm- 1 , i.e., 7.19 to 
7.25 m (or 1385 to 1372 cm" 1 , i.e., 7.22 to 7.29 /*), 
often as a doublet (possibly - I ( deformation, but 
these bands are shown bv many unsubstituted 
sugars); 1272 to 1236 cm" 1 , i.e.,' 7.86 to 8.09 /x 
(C— O), and 1244 to 1212 cm" 1 , i.e., 8.04 to 8.25 ijl, or 
1232 to 1205 cm" 1 , i.e., 8.12 to 8.30 ju (C— O stretch- 
ing) ; and 889 to 858 cm" 1 , i.e., 11.25 to 11.66 /z, or 
877 to 850 cm" 1 , i.e., 11.40 to 11.76 /x (1 ,3-dioxolane 
ring?). Other bands, which may possibly be corre- 
latable with one or other of these features, were 
noted at 981.4 to 948.8 cm" 1 , 824.4 to 793.0 cm" 1 , 
and 540.5 to 507.6 cm -1 . Some other possibilities 
noted encompass broader ranges of wavenumber and 
show overlapping. (They are mentioned in case 
some of them should prove to be significant, but 



i.e., 

i 
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Table 5. Bands shown by all of the 1 ,8-dioxolane derivatives and by all the members of each of the subgroups 



Wavelength (n) of spectral range of absorption bands 



The six methyl 
orthoacetates 



The eleven mono- 
isopropylidene acetals 



The eleven di-isopro- 
pylidene acetals 



All of the 28 acetals 



3. 33 to 3. 37 
(or 3. 34 to 3. 39) 

(6. 75 to 6. 84 or) 

6. 81 to 6. 95 
(or 6. 83 to 6. 96) 

6. 95 to 6. 97 
7. 19 to 7. 23 

7. 26 to 7. 29 
7. 52 to 7. 58 





7. 93 to 8. 09 

7. 93 to 8. 09 

(or 8. 04 to 8. 15) 


(or8. 12 to 8. 30) 


8. 54 to 8. 64 
8. 72 to 8. 79 



8. 95 to 9. 03 
9. 15 to 9. 30 
9.34 10 9.45 

(or 9. 35 to 9. 48) 

9. 62 to 9. 79 
9. 62 to 9. 79 

"Td.Td "to" 16.21" " 

(or 10. 19 to 10. 35) 

10. 74 to 10. 80 
10.93 to 11.05 
11.08 to 11.18 
11. 40 to 11.61 

11. 40 to 11.61 

12. 23 to 12. 34 



2. 86 to 2. 95 

3. 32 to 3. 37 
(or 3. 34 to 3. 39) 

""~6""82~~to~6."92""~ 

6. 82 to 6. 92 

7. 20 to 7. 25 

(or 7. 22 to 7. 27) 

7. 50 to 7. 62 

7. 69 to 7. 88 

(7. 82 to 7. 97 or) 

7. 86 to 8. 04 
(or 7. 91 to 8. 12) 
(or 8. 04 to 8. 22) 
(or 8. 10 to 8. 26) 
(or 8. 12 to 8. 30) 

_ " 8."47"to"8?63"~" 



8. 95 to 9. 06 

9. 20 to 9. 35 
(or 9. 27 to 9. 39) 

"""9.61 "to" 9" 85""" 

(or 9. 72 to 9. 86) 

(or 9.85~tol0.22y 
10. 32 to 10. 54 



11.11 to 11.32 

(or 11. 26 to 11. 53) 

11. 52 to 11.63 



3. 32 to 3. 36 




6. 83 to 6. 87 
6. 83 to 6. 87 


7. 20 to 7. 25 

(or 7. 22 to 7. 28) 
7. 50 to 7. 59 
7. 68 to 7. 83 


7. 88 to 8. 02 


8. 15 to 8. 25 
8. 15 to 8. 25 
8. 15 to 8. 25 
(or 8. 20 to 8. 31) 
8. 56 to 8. 67 


(8. 86 to 8. 98 or) 

8. 88 to 9. 04 

9. 22 to 9. 35 
(or 9. 23 to 9. 37) 


9. 50 to 9. 85 

(or 9. 55 to 9. 88) 

(or 9. 82 to 9. 98) 

(or 9. 85 to 10. 06) 

10. 23 to 10. 43 


10. 78 to 11. 04 


11. 25 to 11. 66 
(or 11.51 to 11.76) 



3.32 to 3. 37 



6. 81 to 6. 95 
(or 6. 82 to 6. 96) 

'"" 7.19 to 7.25 """ 

(or 7. 22 to 7. 29) 

7. 50 to 7. 62 



7. 86 to 8. 09 
"(or~8."64t"o"8"25)" 



(or 8. 12 to 8. 30) 
"&~47to~8~67~ " 



8. 88 to 9. 06 

9. 15 to 9. 35 

(or 9. 23 to 9. 45) 

""""9750to T 9."85~" 

(or 9. 55 to 9. 88) 

" "(or 9" 85~to 10. 22)" " 
(or 10. 19 to 10. 54) 



11. 25 to 11. 66 
(or 11. 40 to 11. 76) 



urther work will be needed in order to test this 
point.) These ranges are: 664.5 to 612.4 cm" 1 ; 
580.4 to 524.9 cm" 1 ; 555.6 to 518.1 cm" 1 ; 532.8 to 
493.8 cm- 1 ; 530.8 to 487.1 cm" 1 ; 436.7 to 376.7 
cm" 1 ; 428.3 to 365.6 cm" 1 ' 418.4 to 363.0 cm" 1 ; 
410.2 to 349.4 cm" 1 ; and 370.1 to 319.0 cm" 1 . 

The following- absorption bands were shown only 
by compounds (in this study) having the structural 
features mentioned (groups 1, 2, and 4 to 6 of table 
3) ; the wavelengths in microns and the possible 
assignments are given in parentheses. The acetates 
showed a band at 1748 to 1739 cm" 1 (5.72 to 5.75 ju; 
acetate C=0 stretching) and at 607.9 to 598.1 cm" 1 
(16.45 to 16.72 ii) acetate deformation). Those com- 
pounds having a hydroxyl group and an ionized 
carboxyl group showed bands at 3145 to 3125 cm -1 
(3.18 to 3.20 m;— OH modified by C=0), at 2786 to 
2732 cm" 1 (3.59 to 3.66 \x)— OH modified by C=0), 
and at 1637 to 1600 cm" 1 (6.11 to 6.25 /*; —COO"). 
The hydrates showed a strong shoulder at 1645 cm -1 
(6.08 m; water of crystallization) and a band at 706.2 
to 703.7 cm" 1 . All of the compounds having one or 
more free hydroxyl groups showed a band at 3472 
to 3279 cm" 1 (2.88 to 3.05 n) associated alchoholic 
— O— H, stretching frequency). Compounds 10 and 
28 showed a band at 3289 to 3279 cm" 1 (3.04 to3.05 m; 
H-bonding ?). The lactones showed a band at 1789 
to 1764 cm" 1 (5.59 to 5.67 /*; C = stretching fre- 
quency). 

All of the spectra were also studied in regard to 
the 28 other features listed alphabetically as groups 
7 to 34 of table 3. Those compounds having a 
m-dioxane ring showed a band at 310.3 to 307.7 



cm -1 . The 0-glycopyranosides showed bands at 
967.1 to 966.2 cm" 1 , 811.0 to 810.4 cm" 1 , 646.0 to 
644.8 cm" 1 , and 475.1 to 470.6 cm" 1 . Those com- 
pounds having a free hydroxyl group at carbon 
atom 1 showed a band at 893.7 to 892.1 cm -1 and 
at 683.1 to 680.7 cm -1 . The isopropylidene acetals 
showed a band at 859.1 to 833.3 cm" 1 . Those com- 
pounds having a sugar ring (including compound 24) 
showed one or more bands at 914.1 to 884.2 cm" 1 . 
(Other possible interpretations are: 900.9 to 878.7 
cm" 1 , or 900.1 to 877.2 cm" 1 , or 896.9 to 867.3 cm" 1 , 
or 892.1 to 861.3 cm -1 .) They also showed bands 
at 653.6 to 611.6 cm" 1 and at 591.7 to 544 cm" 1 . 
Other possible ranges (which, because of the broader 
range or the overlapping, may not be significant) 
are: 639.0 to 578.0 cm" 1 ; 584.8 to 540.5 cm" 1 ; and 
580.4 to 533.3 cm" 1 . Further work may throw light 
on the significance of these bands. 

From a study of the infrared absorption spectra of 
sugars and their derivatives capable of existence in 
anomeric forms (namely, of compounds in which the 
hydroxyl group of the hemiacetal carbon atom is, 
for example, free, acetylated, or involved in gly- 
cosidic union), Barker and co-workers [15, 16] were 
able to recognize certain absorption bands w T hich 
were considered to be characteristic of the a and /3 
anomers, respectively, of the pyranoid forms. In 
the present study, the only pyranoid compounds 
capable of existence as a and $ anomers are com- 
pounds 5, 6, and 11 (which are, respectively, a 
0-D-glucoside, a /3-D-galactoside, and a D-fructo- 
pyranose derivative), and they show bands fitting the 
assignments called types 1, 2, and 3 by Barker and 
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co-workers. The other pyranoid derivatives, which 
cannot exist in anomeric forms, show many of the 
hands in question; but, as might be expected, these 
do not fit the structural correlations. 

Similarly, of the furanoid derivatives, only com- 
pound 23 (and possibly 8 22) is capable of existence 
in anomeric forms, and it shows bands fitting the 
tentative assignments (for furanoid sugars) called 
types A, C, and D by Barker and Stephens [17]. 
The other compounds show many of these bands, 
but they do not fit the structural correlations. 

5. Experimental Procedures 
5.1. Preparation and Purification of the Compounds 

The compounds listed in table 1 were prepared 
by the methods given in the references cited. For 
compound 4, the few milligrams of the material 
remaining from the original preparation of Pigman 
and IsbeU [3] had a melting point somewhat low, 
but it was apparently in good condition; because of 
the lack of material for recrystallization, its infrared 
absorption spectrum (2 to 15 /x) was determined 
directly, and this showed the presence of a small 
proportion of free hydroxy] group (band at .'3484 
cm -1 ; 2.87 n). For compounds 21 and 25, the 
melting points were satisfactory, but insufficient 
material remained for checking their optical rota- 
tions. With these exceptions, each substance was 
recrystallized or otherwise purified until further 
treatment caused no change in its melting point or 
optical rotation. In most cases, these values then 
agreed with those found in the literature; but where 
a higher melting point is now given, it is believed 
that the new values reported in table 1 are correct. 

As regards the preparation of compound 12, by 
the acid hydrolysis of compound 18, a survey of the 
literature showed that use of 0.16 percent hydro- 
chloric acid [18, 19], 0.2 percent hydrochloric acid 
[20, 21], 0.04 TV sulfuric acid [22], and 0.2 N sulfuric 
acid [23] had been recommended; the last concentra- 
tion cited may be a misprint. Accordingly, a solu- 
tion of compound 18 (10 g) in 250 ml of 0.05 N 
sulfuric acid was kept at room temperature for 2 
hours. The acid was then neutralized by adding 
barium carbonate (5 g) and shaking until neutral 
to Congo Red. The suspension was filtered through 
a layer of Celite plus barium carbonate, and the 
clear, colorless filtrate was added to barium carbonate 
(1 g) and evaporated to dryness under diminished 
pressure at 30° (bath temp.). The mixture of sirup 
plus solid was extracted with acetone and filtered, 
and the filtrate was dried with anhydrous sodium 
sulfate, filtered, and evaporated to dr3 r ness under 
diminished pressure. The resulting sirup was dis- 
tilled (bp 1 12° to 114° C at 0.06 mm), affording an 
almost quantitative yield of a colorless, viscous 
sirup which completely crystallized spontaneously. 
Although previous workers [18, 23] have stated that 
the compound cannot be recrystallized from organic 
solvents, it may readily be recrystallized from 
ether (2 vols.) plus heptane (0.2 vol.) on standing 
in the freezing compartment of the refrigerator. 



5.2. Preparation of the Pellets 

Samples for spectrophotometry study were pre- 
pared in the solid phase, as pellets of the crystalline 
compound suspended in an alkali-metal halide. 
The pellets were 9.5 mm in diameter and weighed 
approximately 100 mg; the weight of sample per 100 
mg of potassium chloride (for the 2- to L5-/i region) 
or per 100 mg of potassium iodide (for the L5- to 
40-m region) is shown in table 6. The accuracy of 
weighing was not high (±0.1 mg per nag of sample), 
but this was relatively unimportant in view of 
other factors to be discussed. No special pre- 
cautions, beyond working under an infrared lamp and 
storage in a vacuum desiccator, were taken for 
drying the powder, which was hand-ground in a 
Mullite mortar. The pellets were pressed in a simple, 
nonevacuable, three-piece die. consisting of a cylin- 
drical body and two plungers (9.5 mm in diameter). 
similar to one described by Anderson and WbodalJ 
[24]. A machine-shop vise was used for applying 
pressure (estimated to be 20 tons/in. 2 for pellets of 
this diameter). Satisfactory pellets were obtained 
without evacuation. It should be noted that there 
may have been a slight variation in pellet thickness 
from pellet to pellet. 

Table 6. Conditions for recording the spectra 



Com- 


Molecular 


Concent ration lor 2- to 


Concentration for 15- 


pound 


weight 


15-m range 


!'» 10-M 


range 






mg/100 mg 


mole/kg of 


mg/lOO mg 


mole/kg of 






K< 7 


mixture 


Kl 


m i.rture 


1 


362. 35 


0.4 


0. 01i 


2 


0. 05 4 


2 


304.30 


.4 


.01 3 


2 


06< 


3 


220. 23 


.4 


.01 8 






4 


362.35 


.4 


.01, 


....... 




5 


660 60 


.4 


. 006 




.(Kid 
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660.60 


.4 


.006 
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.030 
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220.2:* 


.5 


.02 3 


2.5 


.li 
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230. 20 
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.01 7 
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.O85 
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• 07 5 
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.03s 
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.07 6 
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.20 
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.4 
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• 07 5 


27 
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.03 2 


:i 


.09 3 


28 


262. 31 


0.4 


.015 


2 


.07s 



a Equivalent weight. 

5.3. Measurement of Infrared Absorption 

The spectrograms are shown in figures 2 and 3. 
Those in the 2- to 15-ju range for compounds 7, 12, 
18, 22, 24, 25, and 27 were recorded with a Beckman 
Model IR4 (double-beam) spectrophotometer equip- 
ped with prisms of sodium chloride; they have delib- 
erately been reproduced somewhat differently from 
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Figtjbe 2. Spectograms of materials in potassium chloride pellets. 

1, D-Mannopyranose l,2-(methyl orthoacetate) triacetate; 2, 6-deoxy-L-mannopyranose l,2-(methyl orthoacetate) diacetate; 3, 6-deoxy-i-mannopyranose l,2-(methyl 
orthoacetate); 4, D-talopyranose 1,2- (methyl orthoacetate) triacetate. 
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Figure 2. Spectograms of materials in potassium chloride pellets. — Continued 

5, j8-D-glucopyranosyl-(l-44)-D-maiinopyranose l,2-(methyl orthoacetate) hexaacetate; 6, /S-D-galactopyranosyl-(l->4)-D-altropyranose 1,2- (methyl orthoacetate) 
hexaacetate; 7, 1,2-O-isopropylidene-D-galactopyranose; 8, l f 2:3,4-di-04sopropylidene-L-arabinopyranose. 
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Figure 2. Spectograms of materials in potassium chloride pellets. — -Continued 

9, l,2:3,4-<li-0-isopropylidene-D-galactopyranose 6-monoacetate; 10, 2,3:4,5-di-0-isopropylidene-D-fructopvranose; 11, l,2:4,5-di-0-isopropylidene-D-fructopyranose; 
12, 1 ,2-O-isoproiniidcne-D-xylofuranose. 
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Figure 2. Spectograms of materials in potassium chloride pellets. — Continued 

13, 1,2-O-isopropylidcne-D-glucofuranose; 14, 1,2-O-isopropylidene-L-idofuranose; 15, lithium 1,2-O-isopropylidene-D-glucofuranuronate; 16, barium 1,2-O-isopro- 
pylidene-D-glucofuraiiiironatemonohydrate. 
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Figure 2. Spectograms of materials in potassium chloride pellets. — -Continued 

17, calcium 1,2-O-isopropylidene-L-idofuranuronate dihydrate; 18, l,2:3,5-di-0-isopropylidene-D-xylofuranose; 19, l,2:5,6-di-0-isopropylidene-D-glucofuranose; 
20, l,2-0-isopropylidene-D-glucofuranurono-6,3-lactone. 



272 



WAVE NUMBER, Cm-' 
5000 4000 3000 2500 2000 1800 1600 1400 1200 1000 950 900 850 800 750 700 

I 




10 II 12 13 14 15 



4000 3000 2500 2000 



1200 1)00 1000 



700 650 



TiViU^'l'riliirii'iilr'iTi^'^VIi! 'iTiii'MV!'''!'- •'" ?: 'I'M ' ! 'h' ^M 1 ' 'ih' :l N': ! : ' ; ! ; 'i : ;!;'; .•'; fih; I' i' : I; ^ ;!;'; i! 




I ?L 11111 llmllii iflill 



iilliii 



t- 2 

2 



12 13 



11 if, 



5000 4000 3000 2500 2000 1800 1600 1400 

ud 



1000 950 900 850 






_4C 


oo 

j ! 


H 


3000 


25Q 


3 ¥**> , 


1500 1400 

Mjjijjjj ji; 


T?7TT 


M 

10 

to 


' i 


-■ 




i jf; 


MM 


MM.... . :LT 
' 11 '111 


: : j i : J_ 

: mm \ 


MlnB)!- 

T 


M 


: 


: 


7 4 


; ; \ 











1000 900 






700 650 







-r 


liu 






24 



WAVELENGTH, fj. 

Figure 2. Spectograms of materials in potassium chloride pellets. — Continued 

21, l,2-0-isopropylidenc-L-idofuranurono-6,3-lactone; 22, 2,3(or 3,5)-0-isopropylidene-D-lyxo(furano?)se; 23, 2,3:5,6-di-0-isopropylidene-D-maiuiofuranose; 24, 
2,3:5,6-di-0-isopropylidene-D-mamiono-l,4-lactone. 
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Figure 2. Spectograms of materials in potassium chloride pellets. — Continued 

25, 2,3-O-isopropylidene-D-^reo-pentulofuranose; 36, 2,3:4,6-di-0-isopropylidene-L-r^o4iexulofuranose; 27, potassium 2,3:4,6-di-0-isopropylidene-L-zyZo-hexiilom 
ranonate; 28, l,2:5,6-di-0-isopropylidene-D-mannitol. 
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Figure 3. Spectograms of materials in potassium iodide pellets. 

1, D-Mannopyranose 1,2- (methyl orthoaeetate) triacetate; 2, 6-deoxy-L-mannopyranose l,2-(methyl orthoacetate) diacetate; 5, /8-o-glucopyranosyl-(l->4)-D-manno- 
pyranose 1.2- (methyl orthoacetate) hexaacetate; 6,0-D-galactopyranosyl-(l-»4)-D-altropyranose 1,2- (methyl orthoacetate) hexaacetate. 
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Figure 3. Spectograms of materials in potassium iodide pellets. — Continued 

7, 1,2-0-isopropylidene-D-galactopyranose; 8, l,2:3 f 4-di-0-isopropylidene-L-arabinopyranose; 9, l,2:3,4-di-0-isopropvlidene-D-galactopvranose 6-monoacetate; 
10, 2,3 :4,5-di-0-isopropylidene-D-fructopyranose. 
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Figure 3. Spectograms of materials in potassium iodide pellets. — Continued 

11, l,2:4,5-di-0-isopropylidene-D-fructopyranose; 12, 1,2-O-isopropylidene-D-xylofuranose; 13, 1,2-O-isopropylidene-D-glucofuranose; 14, 1,2-O-isopropylidene-L- 
idofuranose. _ _. 
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Figure 3. Spectogra?ns of materials in potassium iodide pellets. — -Continued 

15, Lithium 1,2-0-isopropylidene-D-glucofuranuronate; 16, barium 1,2-0-isopropylidene-D-glucofuranuronate monohydrate: 17, calcium 1,2-0-isopropylidene-L- 
idofuranuronate dihydrate; 18, l,2:3,5-di-0-isopropylidene-D-xylofuranose. 
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Figure 3. Spectograms of materials in potassium iodide pellets. — Continued 

19, l,2:5,6-di-0-isopropylidene-D-glucofuranose; 20, l,2-0-isopropylidene-D-glucofuranurono-6,3-lactone; 21, l,2-0-isopropylidene-L-idofuranurono-6,3-lactone; 22, 
2,3(or 3,5)-0-isopropylidene-D-lyxo(furano?)se. 
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Figure 3. Spectograms of materials in potassium iodide pellets. — -Continued 

23, 2,3:5 f 6-di-0-isopropylidene-D-mannofuranose; 24, 2,3:5,6-di-0-isopropylidene-D-mannono-l,4-lactone; 25, 2,3-O-isopropylidene-D-Mreo-pentulofuranose: 26, 
!:4,6-di-0-isopropylidene-L-a;yZo-hexulofuranose. 
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Figure 3. Spectograms of materials in potassium iodide pellets. Continued 

27, Potassium 2,3:4,0-di-O-isopropylidono-L-.r?//o-hcxulofurauonate; 28, l,2:5,G-di-0-isopropylidene-D-manaitol. 
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the rest of the spectra. All the other spectrograms 
were recorded with a Perkin-Elme] Model21 (double- 
beam) spectrophotometer equipped with a prism of 
sodium chloride (for the 2- to 15-/x range) and of 
cesium bromide (for the 15- to 40-m range). The 
use of these two prisms was found to be adequate for 
obtaining survey or identification spectra encompass- 
ing the entire 2- to 40-/z range, because we have 
found that the resolution obtainable with a cesium 
bromide prism is not much inferior to that given by 
a potassium bromide prism in the 15- to 20-/x range 
and is about its equal in the 20- to 25-/z range. By 
replacing the usual, stray-radiation filter- turret with 
one containing retractable filters (Reststrahlen 
mirrors) of lithium fluoride (for the 15- to 30-/x region) 
and of calcium fluoride (for the 30- to 40-m region), 
the stray radiation (encountered in the 15- to 40-/* 
region when a prism of cesium bromide is used) was 
virtually eliminated for the 15- to 34-/x range, and 
reduced to one percenl at 36.5 /x and to two percent 
at 38 ju. No pellet blank was inserted and, indeed, 
this is not at present practical for the far infrared, 
because insufficient energy is available for that 
region. 

In the presence of stray radiation, it is not in general 
possible to achieve complete compensation for substances, 
such as water vapor, common to the reference and sample 
beams of the spectrophotometer. The spectra were recorded 
without compensation (in the reference beam) for reflection 
or scatter by the pellet, or for absorption by traces of moisture 
in the sugar derivative or in the alkali-metal halide. Con- 



sequently, in the 2- to 15-m range, a small amount of absorp- 
tion attributable to water was observed at 2.9 and 6.1/*. 
Attention is drawn to these regions by means of dashed lines. 
Similarly, some uncompensated absorption l>\ atmospheric 
water vapor was evident in the far-infrared curves, and the 
spectral region beyond about 31m was doubtful in the sense 
that weak bands might not be observed because of the super- 
imposed (uncompensated) bands due to water. Hence, these 
regions arc drawn on the spectrograms with dashed lines, 
inserted after consideration of the curves (shown in fig. 4) 
obtained for potassium iodide, moist potassium iodide, and 
Nujol. These dashed lines are merely precautionary; they 
should not be interpreted quantitatively. 

In the 2- to 15-^ range, the accuracy of the wave- 
length readings was better than ±0.02 ax; in the 15- 
to 40 At range, the accuracy was within ±0.05 i*. 

Because of the possibility of interaction of the 
various compounds with the pelleting halide under 
high pressure, the spectra of typical compounds were 
also recorded in a Nujol mull (requiring no pressure) 
for comparison. On one occasion, compound 20 gave 
visual (development of color) and spectrographic 
evidence of interaction with potassium iodide and, 
to a smaller extent, with potassium bromide, but not 
with potassium chloride; however, this behavior was 
not observed on repetition with fresh samples of the 
halides. 

The spectra (2 to 15 /z) given for compound 18 
illustrate how bands exhibited by a compound 
suspended in potassium chloride can be obscured (by 
the bands of Nujol) when a Nujol mull is employed. 
Another reason for preferring the alkali-halide pellets 
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Figure 4. Spectograms given by Nujol, potassium iodide pellet, and moist potassium iodide pellet in the region 15 to 4-0 n- 



is that some of the compounds studied are not suffi- 
ciently soluble in such solvents as dioxane, carbon 
disulfide, chloroform, or carbon tetrachloride to 
afford solutions concentrated enough for recording; 
of satisfactory infrared absorption spectra. 

In table 6 are shown the calculated concentrations, 
in mole per kilogram of alkali-metal halide, of the 
various pellets. These varied rather widely because 
of (a) the range in molecular weight of the com- 
pounds and (b) the different concentrations (in 
milligram per milligram of halide) which were found 
necessary for adequate recording of the spectra. 
As a consequence, comparisons of intensity of ab- 
sorption, from one compound to another, can only 
be true and quantitative where the concentration 
(in mole per kilogram) is the same. Intercompari- 
sons made for the other compounds are relative and 
qualitative as regards the intensit}^ of the bands, 
although the positions of the bands (in microns) 
may properly be compared. 

Insufficient material was available for recording 
the spectra of compounds 3 and 4 in the 15- to 40-/z 
region. 

5.4. Spectra Measured Under Different Conditions 

The infrared absorption spectra of crystalline 
materials show more bands than the spectra of the 
same compounds in solution. [This is because, for 
the solid, the following factors are operative: (1) A 
removal of degeneracies by perturbations from lattice 
forces, (2) an intensification of overtones and com- 
bination vibrations, and (3) occurrence of combina- 
tion vibrations between molecular and lattice modes 
in the solid.] 

The spectra (in the 2- to 15-,u region) of com- 
pounds 1 and 2 in carbon tetrachloride and in dioxane 
had been published previously [25]; those given in 
pellets of potassium chloride for the same region of 
wavelength are shown in figure 2. A comparison of 
the relative complex^ of the spectra for the solu- 
tions and pellets of compounds 1 and 2 (as well as 
of many other sugar derivatives yet to be published) 
shows the above-mentioned effect. 
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